General
All reactions were conducted under inert atmosphere in a nitrogen-filled glovebox or with standard Schlenk techniques, unless otherwise specified. Vessels used in air-free reactions were oven-dried prior to use. Vials used as a reaction vessel were sealed with Teflon-lined cap. Silica-gel chromatography was performed with Silicycle SiliaFlash P60 silica gel. Toluene, tetrahydrofuran, and dichloromethane were purged with nitrogen and dried with an Innovative Pure-Solv solvent purification system. Anhydrous dimethylsulfoxide, dimethylformamide, dioxane, and N-methylpyrrolidone, 1,2,4-trichlorobenzene, acetonitrile were purchased from Acros Organics. Anhydrous 1,2-dichlorobenzene and 1,2-dichoroethane were purchased from Aldrich. Unless otherwise specified, all reagents were purchased from commercial suppliers and used without further purification.
m CPBA was purchased from Aldrich and the content of active oxygen was determined by iodometric titration (Org. Synth. 1970, 50, 15). The hydroxylation of polyethylenes was conducted with commercial low molecular weight polyethylene (Aldrich, M w = 4.3 kg/mol, M n = 1.7 kg /mol, PDI = 2.63), low-density polyethylene (LDPE, Aldrich, M w = 88.1 kg/mol, M n = 10.2 kg/mol, PDI = 8.65), high-density polyethylene (HDPE, AlfaAeser, M w = 114.7 kg/mol, M n = 10.3 kg/mol, PDI = 11.2) and linear low-density polyethylene (LLDPE, Aldrich, M w = 122.9 kg/mol, M n = 23.6 kg/mol, PDI = 5.2). For the polymerization of graft copolymers and blends, the following materials and methods were employed: The ε-caprolactone was dried over calcium hydride overnight, collected by vacuum distillation, and stored in a dry box.
The tin(II) 2-ethylhexanoate was dried over 3Å molecular sieves and stored in a dry box. The low-density polyethylene (LDPE, Aldrich, M w = 88.1 kg/mol, M n = 10.2 kg/mol, PDI = 8.65) and polycaprolactone (Aldrich, M w = 14.0 kg/mol, M n = 10.0 kg/mol, PDI = 1.40, according to manufacturer) were purchased from Aldrich and used directly in the melt blends. The PE-g-PCL graft co-polymer used for the blends contained an average of 1.8 PCL arms/100 ethylene monomers; the average DP of PCL calculated from 1 H NMR spectroscopy for this material were 95.3, and the M n and PDI determined by GPC analysis were 43.7 kg/mol and 6.09, respectively. The blends were created by mixing low-density polyethylene and polycaprolactone with or without PE-g-PCL as compatibilizer for 1 h in 1,2-dichlorobenzene at 140 o C under N 2 atmosphere, followed by evaporation of solvent at 180 o C for 20 min under stream of nitrogen. The morphology of the blends was investigated using scanning electron microscopy (SEM). The surfaces of cryofractured samples were PCL-etched in hot acetone. High temperature size exclusion chromatography (SEC) analyses were obtained using a PolymerChar chromatograph equipped with PLgel 10um
Mixed-B column and IR-5 detector. The mobile phase was 1,2,4-trichlorobenzene and the flowrate was set at 2.0 mL/min at 160 °C. The instrument was calibrated using Agilent PS-1 and PS-2 standards. The samples were prepared in TCB by heating at 170 °C for 2 hour with an injection concentration of 1.0 mg/mL. Differential Scanning Calorimetry (DSC) measurements were made on a TA Discovery Series instrument using temperature scan from -90 ºC to 220 ºC at a scan rate of 10 ºC/min. NMR spectra were recorded on a Brüker AVQ-500 or Brüker DPX-500 spectrometer. Chemical shifts (δ) were reported in parts per million (ppm) relative to residual solvent peaks rounded to the nearest 0.01 for proton and 0. Orbitrap XL by Thermo (room temperature, DCM). The water contact-angles were measured using ramé-hart Model A100 instrument at 25 °C. The film for contact-angles measurement were prepared with 10 mg/ml solution of polymer in 1,2-DCB.
Synthesis of Nickel complexes
General procedure: Ni(OAc) 2 . 4H 2 O (1.0 equiv) and ligand L (3.0 equiv) were dissolved in methanol (c = 0.025 M).
The resulting reaction mixture was stirred for 2 hours at room temperature. Subsequently, NaBPh 4 was added in one portion, and the mixture was stirred for another 12 hours at room temperature. The formed precipitate was filtered, washed with water, ethanol, and hexane. The resulting solid was dissolved in DCM dried over sodium sulfate, filtered, and concentrated in vacuo. The crude product was recrystallized from the solvent stated for each complex below.
[ 
Oxidation of cyclohexane
Typical procedure for the oxidation of cyclohexane with Ni complexes: Cyclohexane (7.5 equiv) and m CPBA (1.0 equiv) were dissolved in the mixture of dichloromethane and acetonitrile (3/1, c = 0.5 M). To this solution was added a stock solution of the Ni catalyst 1-7 (0.1 mol %, the concentration of the stock solution is 10 mg/ml in DCM/CH 3 CN). The resulting solution was stirred at room temperature for 19 h. Dodecane was then added as an internal standard. The yields of the products were determined by 1 H NMR spectroscopy. 2 , TPA = tris(2-pyridylmethyl)amine.
Oxidation of low-molecular-weight polyethylene
Typical procedure for the Ni-catalyzed oxidation of low-molecular-weight polyethylene (Aldrich, M w = 4.3 kg/mol, M n = 1.7 kg /mol, PDI = 2.63): In an N 2 -filled glove box, low-molecular-weight polyethylene ( e Melting temperature determined by differential scanning calorimetry. M n and M w = number and weight average molecular weight in g/mol determined by high temperature size exclusion chromatography with 1,24-TCB as eluent at 160 °C. PDI = polydispersity index, M w /M n . DCE = 1,2 dichloroethane. 
Oxidation of low-density polyethylene
Typical procedure for the Ni-catalyzed oxidation of low-density polyethylene (Aldrich, M w = 88.1 kg/mol, M n = 10.2 kg/mol, PDI = 8.65): In a N 2 filled glove box, low-density polyethylene (310 mg, 11.1 mmol) was suspended in DCE (1.0 mL) in a vial equipped with a magnetic stir bar and sealed with Teflon-lined cap. The resulting suspension was heated in DCE (1.0 mL) at 120 o C for 2 h until formation of a homogenous solution. 
Figure S2
1 H NMR spectra of (a) LDPE in TCE-d 2 at 100 °C, (b) hydroxylated low density polyethylene in the presence of Ni catalyst 7 in TCE-d 2 at 100 °C (Entry 3, Table S7 ) and (c) hydroxylated low density polyethylene in the absence of Ni catalyst 7 in TCE-d 2 at 100 °C (Entry 6, Table S7 ). (Table S7 , entry 2) and (c) oxidized LDPE in the absence of Ni catalyst (Table S7, 
Figure S4
High temperature size exclusion chromatography of (a) HDPE, (b) oxidized HDPE (Table S8 entry 1) and (c) oxidized HDPE in the absence of Ni catalyst (Table S8, c M n and M w = number and weight average molecular weight of functionalized polyethylene in kg/mol determined by high temperature size exclusion chromatography. PDI = polydispersity index M w /M n ; d Melting temperature determined by differential scanning calorimetry (DSC).
e Reaction conducted at 120 o C.
Figure S6
1 H NMR of (a) hydroxylated low density polyethylene (LDPE-OH) in TCE-d 2 at 100 °C and (b) Polyethylene-polycaprolactone graft co-polymer (PE-g-PCL) in CDCl 3 at rt. a Cyclic voltammograms were obtained with a glassy carbon working electrode (3 mm dia.), silver wire quasireference electrode, and platinum wire counter electrode. Voltammograms were referenced using ferrocene as an internal standard Cyclic voltammetry of Nickel complexes (1 mM) was performed in acetonitrile containing n Bu 4 NPF 6 (0.1 M) as a supporting electrolyte, under nitrogen atmosphere at 25°C. Scan rate = 100 mV s −1 ; All redox potentials are expressed to the ferrocene/ferrocenium couple (Fc/Fc + ). 
